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ABSTRACT
University campuses have thousands of new students,
staff and visitors every year. For those who are unfamil-
iar with the campus environment, an effective pedestrian
navigation system is essential to orientate and guide
them around the campus. Compared to traditional nav-
igation systems, such as physical signposts and digital
map kiosks, a mobile pedestrian navigation system pro-
vides advantages in terms of mobility, sensing capabili-
ties, weather-awareness when the user is on the go. How-
ever, how best to design a mobile pedestrian navigation
system for university campuses is still vague due to lim-
ited research in understanding how pedestrians interact
with the system, and what information is required for
traveling in a complex environment such as university
campus. In this paper, we present a mobile pedestrian
navigation system called QUT Nav. A field study with
eight participants was run in a university campus con-
text, aiming to identify key information required in a
mobile pedestrian navigation system for user traveling
in university campuses. It also investigated user’ s inter-
actions and behaviours while they were navigating in the
campus environment. Based on the results from the field
study, a recommendation for designing mobile pedestrian
navigation systems for university campuses is stated.
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INTRODUCTION
Where is the student centre? How do I get to the li-
brary? What is the fastest way to get there? These
are common questions asked by new university students,
staff, or visitors when they are paying a visit to the uni-
versity campus. In particular, a large number of new
students traverse the Queensland University of Technol-
ogy (QUT) campuses each year (See Table 1).
Year Number of New Commencing Students
2009 14,289
2010 14,324
2011 14,895
2012 15,894
Table 1. Number of new commencing students at QUT
from 2009 to 2012 [15].
For newcomers, navigating in the campus is like going
through a maze. Physical signposts and map-based in-
formation are currently installed around the campus in
most of the universities and colleges to provide guid-
ance. However, they are not sufficient enough for users
to feel intuitive [18] and it can be difficult for users to
reach their desired destination [12, 16, 9]. Therefore, it
is clear that navigating in university campuses can be a
challenging task for those who are not familiar with the
university environments.
The portability of mobile devices allows people to
use their smartphones as personal navigation assistants
without searching for signposts constantly around the
campus. With mobile sensors and wireless technologies,
these devices have the potential to solve the problems
faced by the students, staff and visitors when navigat-
ing in university campuses. Much research has been
conducted to demonstrate how mobile sensors on these
mobile devices (e.g., Global Positioning System (GPS),
digital compass, microphone, Wi-Fi) could be used to
improve identifying a user’ s location in an indoor and
outdoor environment, as well as understanding the situ-
ation around them (e.g., weather condition, or meeting
1
availability). There have been many navigation systems
developed for university campuses before [8, 25, 2, 19].
Yet, there are only a few research studies [18, 12, 13]
that focus on using mobile platforms to help people nav-
igate within a university campus. It is also unclear how
we can design a mobile pedestrian navigation systems
for those who are unfamiliar with the university cam-
pus. There are a few design guidelines for developing
pedestrian navigation systems [17, 11]. However, how to
best design a mobile-based pedestrian navigation system
for the university campus is still vague due to limited re-
search in understanding how pedestrians interact with
the system, and what information is required for travel-
ing in complex environment such as university campuses.
In this paper, we reviewed existing navigation systems
on mobile devices and in universities, identify the in-
formation needed by pedestrians navigating through the
university campuses, investigate pedestrian interactions
and behaviours when using a mobile application for their
campus navigation, and lastly identify the implications
for the design of a mobile pedestrian navigation system
for the university campuses.
REVIEW OF USER REQUIREMENTS
Navigating around in university campuses can be diffi-
cult for new students, staff and visitors who are unfamil-
iar with university environments. Most universities and
colleges rely on installing physical signposts and map-
based information around the campuses to help students,
staff and visitors to navigate [12, 18]. Even though these
physical signposts provide building and road information
about the campus, they do not necessarily provide the
best information to direct people when needed. For ex-
ample, a student is attending a lecture on campus, but
forgets to bring an umbrella on a rainy day. Using these
signposts, they are unable to determine what is the most
sheltered route to take from the map without getting
wet. These physical signposts are fixed at a location, if
they are not easily located, they cannot provide assis-
tance when a user is lost in the middle of the campus.
In order to develop an understanding of the needs of a
mobile pedestrian navigation system, a focus group was
conducted in order to identify user-requirements when
university students and staff are navigating the campus.
The focus group comprised of a questionnaire, a group
discussion, and a series of scenarios to walk through as
a new visitor on campus. This study provided a useful
insight into the key problems university students and
staff have when they are travel on campus.
This focus group was held with the seven participants
who are currently students and staff in QUT, aged from
27 to 38 years old. All the participants had been study-
ing or working for the university for at least one year.
They reported they visit the campus regularly (at least
3 times per week, average 4.3 times, SD=0.8), and they
felt they were familiar (average of 68.3%) with the uni-
versity environment. In addition, they were all frequent
users of smartphones, with at least two years of experi-
ence using one.
An opening discussion was conducted to discuss the gen-
eral issues that the participants had towards campus
navigation. Participants expressed they had difficulty
locating specific buildings and finding the services on
campus. Due to the fact that the university has limited
physical signposts around the campus, and the univer-
sity mobile application does not provide information on
pedestrian routes, bridges or walkways on the campus.
They also mentioned the importance of opening hours,
and building entrance information when navigating on
campus.
Subsequently, participants were asked to react to a series
of scenarios as a new visitor who had not been to QUT
before and needed to be at a particular place on cam-
pus. It involved participants explaining their techniques
of completing each task and proposing alternative solu-
tions. The key information required for a mobile pedes-
trian navigation system was identified, this included:
• The location of the destination and the surrounding
university buildings.
• The pedestrian routes available for both indoors and
outdoors.
• Travel estimation information on the distance and
time.
• Walking routes that take weather conditions into con-
sideration.
Based on the results gathered from the focus group, we
have identified some important information required by
the pedestrians who are traveling around the university
campuses (listed above) and discovered the physical sign-
posts were still the main method used for navigating
around the campus for all the participants. Participants
confirmed that the current methods of campus naviga-
tion do not provide information on indoor and outdoor
pedestrian routes, travel estimation and weather-aware
walking options. Evidently, this provided us with oppor-
tunity for further research to address this issue of how
to design a mobile pedestrian navigation system for uni-
versity environments.
REVIEW OF EXISTING NAVIGATION SYSTEMS
Existing Navigation Systems on Mobile Devices
There are several existing mobile map applications that
support walking navigation. Based on the featured nav-
igation applications on the Australian iTunes App Store
[1], the popular ones include Google Maps, Apple Maps,
and Whereis Maps by Telstra Corporation. These ap-
plications are primarily designed to deliver turn-by-turn
navigation for driving vehicles in cities with roads and
bridges. QUT is a university located next to the Bris-
bane central business district, and its campus is in a non-
linear and an undulating environment with most roads
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Figure 1. Screenshots of walking routes provided by
Google Maps (left), Apple Maps (middle), and Whereis
Map (right) mobile application.
and walkways only accessible by pedestrians, and with
very few roads being accessible by vehicles.
In Figure 1, we demonstrate a route from a user’ s cur-
rent location to one of the university buildings in Google
Maps, Apple Maps and Whereis mobile applications on
Apple’ s iOS platform. The walking routes provided by
these map navigation applications are quite similar, ow-
ing to the fact that these routes are based on the road
data in their Geographic Information System (GIS). The
routes presented by these applications are not the most
appropriate for pedestrians to take, because they lack in-
formation on indoor routes. By providing indoor routes
to pedestrians, users can cut through buildings and save
time on their campus navigation.
Existing Navigation Systems in Universities
Most Australian universities used physical map-
information signposts or digital map kiosks as their nav-
igation systems to help people to navigate within the
campus. Most of these universities provide their campus
maps on their university website. Some of the universi-
ties also offer a mobile version of their campus map for
users to download onto their smartphones [20, 21]. How-
ever, these mobile applications do not provide appropri-
ate pedestrian paths or walkways to provide assistance
on campus navigation based on users’ needs.
Here2There Software - Kiosk-Based
Temple University in Pennsylvania, United States has
adopted Here2There (H2T) software [6] to provide an
interactive web-based interface to facilitate indoor and
outdoor direction to and from any point of the interest
on campus. It provides location information on eleva-
tors, stairs, wheelchair accessible entrances, and pedes-
trian exits on a map. Moreover, it provides visual floor
plans of each building, with navigation routes clearly dis-
played. This system can be deployed on a Kiosk, LCD
or through a web interface, installed on the walls around
the campus, similar to the physical signposts. It can also
be deployed in hospitals, shopping malls and airports.
Recently, this technology has been adopted by the
Queensland University of Technology [5] in their new Sci-
ence and Engineering Centre building. However, many
problems still exist. For instance, as the direction infor-
mation is fixed in a database, the system can only show
you one way of getting to a destination, without consid-
ering how a user would like to get there based on his/her
need or situation. Also, it currently has no support for
mobile devices, as a result, it cannot utilise mobile sen-
sors to help retrieve a user’ s location and provide turn-
by-turn navigation. Moreover, the availability of these
kiosks machines is extremely limited, as the machines
are expensive (including buying a computer and a touch
screen) and difficult to install and maintain (requiring a
weatherproof place) and the system can only be used by
one person at a time.
Web-based Campus Navigation Systems
There are a few existing web-based university navigation
systems designed for Internet browsers. The University
College of London has developed a web-based campus
navigation system called UCL Campus Finder [23] us-
ing the Google maps API. The system has a find a route
feature to provide pedestrian routes from one university
building to another. Moreover, a user has the option
to select routes that are accessible via wheelchair. It
also provides an estimation of travel time and textual
turn-by-turn directions. [8] presented a web-based cam-
pus guidance system using OpenStreetMap that focuses
on pedestrian navigation, generating the shortest pedes-
trian routes using both outdoor pavements and indoor
corridors between various buildings. It provides support
for conference delegates attending the International Con-
ference at the National University of Ireland Maynooth
(NUIM) campus. They also used geo-tagged images for
visual assistance in pedestrian navigation. These images
are used at certain points in the route, such as intersec-
tions, when users need the most feedback.
The downside of these systems are that they are only
available via a web browser, they do not utilise the sens-
ing capabilities on the smartphones, such as using GPS
to retrieve a user’ s location, and using the camera to
provide visual feedback. If these systems adopt the sens-
ing capabilities of these mobile devices, they have the
potential to greatly assist users when they are actually
navigating on campus.
Indoor Positioning Campus Navigation System
Wireless Trondheim and Norwegian University of Sci-
ence and Technology (NTNU) developed a mobile appli-
cation called CampusGuiden [24]. It is a world first ap-
plication developed for indoor positioning for university
campuses. CampusGuiden is able to pinpoint a user’ s
location inside a building, and map it to the floor and
room the user is currently in. They used NTNU’ s Wi-
Fi network to determine a user’ s indoor location, and
were able to provide an accuracy of up to 10 meters.
The system also used GPS positioning when a user is
in an outdoor environment. Both indoor and outdoor
routes were taken into account to guide users from one
location to another. CampusGuiden is a web-based sys-
tem; it can be run on any Internet browsers found on
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most of the modern smartphones and desktops comput-
ers. However, it lacks mobile sensor support, such as
using a digital compass for orientation.
Audio-based Campus Navigation System
CaNPAs [2] is a campus navigation and parking assis-
tant system designed for National Tsing-Hua University
(NTHU) in Taiwan. It consists of two components, a
Campus Navigator (CaN) and a Parking Assistant Sys-
tem. The CaN uses voice instructions to guide users
around the campus. The audio instructions are provided
at every intersection along the route, and it can also
recognise and provide audio feedback when users are not
going in the right direction. The CaNPAs is deployed
on a small external portable device, which is a disadvan-
tage, because users are required to carry an extra device,
rather than using their own mobile phones.
The Gap
The results from our focus group show that current navi-
gation systems are still lack of providing necessary infor-
mation for pedestrians who are traveling in a university
environment. Popular mobile navigation systems (e.g.
Google Maps), and existing navigation systems in uni-
versities do not provide key information required by the
pedestrians, and appropriate interactions with the mo-
bile pedestrian navigation system in complex environ-
ments such as university campuses.
The main purpose of this study is to investigate pedes-
trians’ interactions and behaviours, and confirm the key
information required for pedestrians who are traveling
in a university environment. In addition, these findings
could potentially help on how an ideal mobile pedestrian
navigation system should be designed. To address these
research problems, the following questions were asked:
• What information is needed by the pedestrian navi-
gating in university environments?
• How can we design a pedestrian navigation system to
adopt pedestrians’ interactions and behaviours and
provide better assistance while they are traveling in
a university environment?
SYSTEM DESIGN
QUT Nav is an iOS mobile application developed and de-
signed for this study. The application is compatible with
iPhones and iPod Touches running iOS 6. It serves as a
digital campus map, and the map is built on Apple’ s Ge-
ographic Information System (GIS): Apple Maps. The
application provides walking directions to any buildings
located at the QUT Gardens Point campus. The map
also provides geo-location information of the university
buildings, images of each building, and building infor-
mation such as levels, opening hours and the number of
floors.
To address the research gaps described earlier, the sys-
tem was designed with three distinct components: a Map
component, a Route component and a Direction engine.
(See Figure 2).
Figure 2. Graphics interface of the Map component (left)
and Direction engine (right).
The Map component contains a digital map that dis-
plays a user’ s current location and the buildings within
the university campus. A user’ s location is represented
as a blue dot, and building layouts are overlaid on the
map with a square pin on top to display the name of
the building. Users are able to scroll, zoom, center
and rotate the map based on the device orientation.
When launched, the application automatically displays
the nearest campus to the user’ s location, using GPS.
The Route component contains information on pedes-
trian routes across the campus. A route is formed by
a number of edges. Each edge is formed by two geo-
coordinates and presented as a straight line. All the
edges have attributes to describe its condition and char-
acteristic. For example, each edge will have informa-
tion on the travel distance, and whether it is under-cover
or protected with a roof, which can prevent pedestrians
from being exposing to sunlight and heavy rain. Route
information is gathered from both outdoor pavements
and indoor corridors between various buildings.
The Direction engine is the core feature that connects
the Map and Route components together. It is capable
of retrieving the location of the departure building and
all the possible routes to reach the destination build-
ing. The engine used Dijkstra’ s shortest path algorithm
[4] to find the minimum-cost pedestrian route based on
starting point and destination. The engine also has the
ability to calculate routes from a user’ s current location
on the map, enabling those people who are unable to
locate themselves on the campus.
STUDY DESIGN
The study was designed as an empirical field test with
eight participants. Participants were asked to perform
nine navigation tasks provided by the QUT Nav mo-
bile application. The aim of the study was to identify
the required information for designing a mobile pedes-
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trian navigation system in a university campus setting,
as well as investigate pedestrians’ interactions and be-
haviours with the system while they are traveling in a
university. These two goals allowed us to provide ini-
tial recommendations for designing a mobile pedestrian
navigation systems for university campuses.
Settings of the Field Study
The study area was located at the QUT Gardens Point
campus in Brisbane, Australia. A starting point and an-
other two locations were pre-defined for the participant
to navigate to. The whole route was approximately 633
meters long, and it took on average around 11 minutes
to complete on foot. The route was split into three sub-
routes (sub-route #1: 242 m, sub-route #2: 231 m, sub-
route #3: 160 m). These sub-routes were arranged in
a way that there was never a direct path or line of sign
between the start and the destination (See Figure 3).
Figure 3. Screenshots of the three campus walkabout
tasks. Sub-route #1 (left), #2 (middle), and #3 (right).
Participants
A total of eight participants were recruited to trial the
QUT Nav mobile application at the Gardens Point cam-
pus. The participants were carefully selected based on
their experience with smartphones in general, and espe-
cially their experience with the devices in the context of
mobile navigation. None of them were familiar with the
navigation tasks and pre-defined location.
Experimental Design
This study was designed as an empirical field test, ver-
ified by observation and user experiences. Each partici-
pant was accompanied by one researcher throughout the
study. In order to avoid any influence on the partici-
pants, the researcher kept a fair distance (5 meters) from
the participants, allowing them to feel freer and behave
more naturally while completing the given tasks. This
study also includes the rationale for the selection of the
current research methodology and procedures. It con-
sists of a survey, a questionnaire, a think-aloud protocol,
campus walkabouts, and interviews.
Measures
QUT Nav was designed to collect device logs such as
GPS accuracy and location movement of the users. It
also utilised the front-face camera on the mobile device
to perform video recording to capture each participants’
facial emotion, talk, and gestures performed on the de-
vice screen. This allowed us in-depth analysis of partic-
ipant’ s behaviours, movements and feelings. The video
recording feature was implemented using CaptureRecord
framework [3] for iOS.
In addition, questionnaires were used at the beginning
and the end of the field study to collect the participant’ s
demographic information and their experience using the
system. It is an effective method to collect in-depth
qualitative data, compared to other common study in-
struments such as interviews and observations [7]. Dur-
ing the navigation tasks, the think-aloud protocol was
applied for collecting data on a user’ s thoughts. This
method has also been used in previous studies [7, 10,
14]. This technique was used in conjunction with video
recording. It is aimed to collect first-hand information
of participants’ thoughts and opinions during their nav-
igational tasks. Lastly, one researcher followed all eight
participants throughout the campus walkabouts, and ob-
served their reactions to the information received from
the smartphone using an audio recorder.
Procedure
All eight participants were met individually in a meet-
ing room on the university campus. At the beginning,
each participant was given an overview of this field study.
Then, the participant was asked to fill out a survey elec-
tronically via a survey system providing demographic
information, their experience with mobile devices, and
mobile navigation systems usage.
Next, the participant was given an iPhone 5 (same device
was given to all the participants), and asked to use the
QUT Nav to complete the given navigation tasks. The
navigation tasks included physically navigating around
the university campus from a pre-defined starting point
to the given locations. Each of the participants was ad-
vised to navigate to the destination directly avoiding un-
necessary stops. They were also asked to verbalise their
thoughts, feelings, what they see, or what they were do-
ing while performing the navigational tasks. No other
assistance was given during navigation.
After completing each task, the participants were noti-
fied of their next task. When all the tasks were com-
pleted, participants were asked to complete a question-
naire about their navigation experiences and usability of
the system. The questionnaire consisted of 16 five-point
Likert scaled questions and three open-ended questions.
These questions were broken into five sections: General
Usage of the Mobile Application, Usefulness of Travel
Prediction, Usefulness of Pedestrian Route, Difficulty of
the Navigation Tasks, and Navigation Efficiency.
Once the questionnaire was completed, a semi-structured
interview was conducted to facilitate the questions not
included in the questionnaire. The open-ended ques-
tions included a discussion of any barriers that occurred
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during the campus walkabouts, as well as different be-
haviours noticed by the researcher. This interview ran on
an average of ten minutes per participant, and recorded
by an audio recorder. The audio recording was tran-
scribed later on for analysis. Finally, participants were
rewarded with a drink voucher as a token of apprecia-
tion.
Navigation Tasks
A total of nine tasks were given to each participant to
complete using the QUT Nav mobile application. These
tasks were designed to identify the information needed
by the pedestrians, and discover the usefulness of pedes-
trian route choices and travel prediction information pro-
vided by the mobile application. All the participants
were required to complete the tasks in the same order,
this is to ensure results gathered, and their experiences,
were consistent.
There were six navigation tasks involving locating a
specific building on the campus (e.g. locating the li-
brary building), discovering how many levels a particu-
lar building has, and figuring out the distance between a
specific building and the user’ s location. The other three
navigation tasks were campus walkabouts (See Figure 3),
each task involved participants to physically navigate
from one specific university building to another within
the campus. Each task was considered complete when
user reached their destination.
RESULTS AND ANALYSIS
In this section, the results and data collected from
the questionnaires, interview, observations, and video
recordings from the field study are presented. All the
participants completed the navigation tasks and reached
each destination successfully. As discussed in the previ-
ous section, the information required in a mobile pedes-
trian navigation system for university campuses, and a
user’ s interactions and behaviours using QUT Nav, were
assessed.
The quantitative data collected from the questionnaire
were analysed statistically. The data collected from the
interview and video recordings were reviewed and trans-
lated into scripts for qualitative analysis. When tran-
scribing the video recordings, we annotated the par-
ticipants’ speech, emotions, and behaviours along with
the tasks that they were doing. Then we categorised
these notes into themes for different tasks. From the key
themes and their related materials (e.g. video, audio),
we identified the problems, patterns, and contrasts.
Overview
A total of eight participants took part in the study. The
youngest person was 23 years and the oldest 39 years
(mean = 28; SD = 5.45). All the participants reported
there were a frequent user of mobile navigation technol-
ogy (frequent usage was specified as being a minimum
of once per month), and indicated they had used mo-
bile navigation systems (e.g., Google Maps and Apple
Maps) on their mobile devices previously. This helped
us to eliminate the potential novelty factor of using a
mobile navigation system. Furthermore, none of the par-
ticipants had used any navigation systems to navigate
university campuses before, and none of them expressed
they were familiar with the campus walkabout tasks.
Information Required in Pedestrian Navigation System for
University Campuses
The information required for designing mobile pedes-
trian navigation systems was analysed.
Building Entrances
In a non-linear environment with a crowded building
complex, like QUT’ s Gardens Point campus, different
buildings have a different number of entrances based on
the structure of the building, and the distance to each
building entrance from one location may be shorter or
longer. When participants were asked about whether
building entrances and entrance types matter to them
when using QUT Nav 6 out of 8 participants (75%)
pointed out the pedestrian route to different building
entrances (such as lifts, and stairs) mattered to them
when they are navigating on campus.
“If there is a lift, then what is the point of taking
stairs. That’ s in my personal opinion. However,
some people would prefer stairs.”
“I change my mind depending on how tired, how
lazy, how time-limited I am when I’ m traveling.”
Building Icon Representation
There are more than 25 buildings on the campus, the
only way to differentiate between the buildings visually is
by their names, or by the alphabetical letters represented
the building. Participants were able to locate the build-
ing easily by scanning these building identities. However,
when they were asked to find the library building on the
map, most of them struggled to find it quickly. Vari-
ous techniques were used by the participants to locate
the building, such as searching, panning and zooming
on the map, and also looking to find clues from build-
ings images. However, none of them were able to find
the building quickly and accurately. One participant ex-
pressed in the interview that if the buildings (e.g., library
or IT helpdesk) that were important to them were high-
lighted on the map or represented with different image
icons, it would be much easier for them to locate.
Coloured Routes
QUT Nav was designed to provide the shortest route
to a destination, some routes were provided with a shel-
tered and an unsheltered route. All the participants were
able to differentiate the sheltered and unsheltered route
when they were navigating around the campus. In the
interview, one of the participants mentioned that he did
not notice the differences in coloured routes prior to the
navigation, he only realised once he had walked past a
sheltered route.
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Travel Prediction Information
Most navigation systems like TomTom [22] provide travel
estimation and arrival time. In QUT Nav, estimated dis-
tance, estimated time, and arrival time were provided for
participants navigating around the campus. We used a
t-test to analyse the data gathered from the question-
naire (See Figure 4), there were no clear differences on
the usefulness of travel estimation information (p>0.05).
It does not show significant evidence as to which piece
of travel prediction information was more useful for the
participants during travel. This result might be affected
by the participants who were in the context of complet-
ing a given tasks. Thus, the results might be different in
a real world scenario.
Figure 4. A bar chart shows the usefulness scores (score
>3) for different travel estimation information.
Accurate indoor location
QUT Nav utilised the built-in GPS and Wi-Fi sensors on
the iPhone 5 to pinpoint a user’ s location on the map.
Based on the analysis of the video recordings, all par-
ticipants often pointed out that their location was rep-
resented inaccurately and inconsistently, especially when
they were going through a building. Several participants
indicated that their location displayed on the map was
not following their actual location, and presented inac-
curately when they were going through the buildings.
Route Choices
There are many ways to get from one place to another,
and we all want to get there in the shortest time pos-
sible. However, providing the shortest route may not
always be appropriate for pedestrians. Google Maps on
the iPhone provides multiple walking directions based
on distance. In this field study, route choices based on
distance, weather, lighting conditions, crowdedness, and
elevation climb were investigated (See Figure 5).
The shortest route option was provided in the QUT
Nav mobile application. All the participants were asked
about the usefulness of other types of route choice. Ta-
ble 2 shows the mean, the standard deviation, and the
Figure 5. A bar chart shows the usefulness scores (score
>3) for different types route choices.
significant p value of the usefulness score for each type of
route. Shortest and sheltered routes showed significant
results on the usefulness score (p <0.05), which suggest
that a mobile pedestrian navigation system that provides
the shortest and sheltered options could be beneficial for
pedestrians traveling in a university campus setting.
Type of Route Mean SD Sig. (2-tailed)
Shortest 4.75 0.463 0.000
Sheltered 4.38 1.061 0.008
Illuminated 3.88 1.642 0.175
Crowded 3.50 1.309 0.316
Less Climbs 3.63 1.188 0.180
Table 2. Usefulness scores for different types route
choices.
User interactions with mobile pedestrian navigation sys-
tem
To design the most effective pedestrian navigation sys-
tem, participants’ interactions and behaviours were
analysed.
Willingness of Using Mobile Application
The QUT Nav mobile application was designed for Ap-
ple’ s iPhone and iPod Touch devices. Most of the par-
ticipants (7 out of 8) said it was easy to use the mobile
application on the iPhone 5, and felt it had helped them
to navigate around the campus. Most of them (7 out of
8) also expressed they were very likely to use app again
in the future.
Route Overview
During the campus walkabout tasks, all of the partic-
ipants panned around and zoomed out of the map to
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view the entire route that was provided. 7 out of 8
participants indicated in the interview that seeing the
whole pedestrian route before they started their naviga-
tion gave them a good idea on how they should navigate
through the campus. For example, the route required
user to walk through a specific building or on a specific
walkway.
Map Rotation based on User Orientation
During the campus walkabout tasks participants felt
frustrated because they could not locate themselves and
identify the direction they were heading on campus.
Most of the participants (7 out of 8) tried rotating the
mobile device physically to match their location with the
surroundings. In fact, QUT Nav was built with stan-
dard Map rotation functionality that utilised the digital
compass on the smartphone to provide map orientation.
However, the participants expressed they were not famil-
iar with the standard map rotation functionality on iOS,
therefore they did not know the function existed. They
also preferred the map to rotate automatically when they
were navigating around the campus, rather than having
to turn the feature on manually.
Destination Arrival Notification
Current mobile navigation systems such as Google Maps
and TomTom [22] provide an audio message to notify
users when they have reached their destination. Based
on the video recordings and observation during the field
study, most of the participants (7 out of 8) stopped look-
ing and interacting with the screen when they had their
destination in sight. This finding indicates that users
intended to stop any interactions with the system once
they were near, or had the visual sight of their desti-
nation. Therefore, an additional feature to notify users
(such as device vibration or audio reminder) when they
reached their destination may not be necessary. How-
ever, this feature might be useful for those who are vi-
sually impaired.
User Preferences Affects their Walking Choices
QUT Nav provides the shortest pedestrian route to reach
the destination. However, 5 out of 8 participants did
not follow the given route, because it felt unfamiliar to
them. They expressed that they would spend more time
following the given route than following the route they
are already familiar with. One of them mentioned they
took a different route because they were able to see a
route that they felt more comfortable walking on it.
In addition, it was midday and the weather was sunny
when one of the participants was undertaking a campus
walkabout task. While he was navigating to the destina-
tion, he decided not to follow the given route that was
outdoor and in the open air, and chose to navigate un-
der a sheltered route in a nearby area. He mentioned the
weather was hot, and he preferred to navigate under a
sheltered route as much as he could, as long as the route
was not too far away and did not consume a lot of time.
Furthermore, there was a little rain on the campus before
one participant undertook one of the campus walkabout
tasks. QUT Nav generated the shortest pedestrian route
and it indicated the participant to walk across the grassy
areas to save time. However, the user purposely avoided
walking on the grass. He was asked why he did not walk
across the grass in the interview. He responded:
“I knew it was raining before and the grass is
still wet and I didn’ t want to get my shoes dirty in
the mud.” he said.
DISCUSSION
The main objective of this study was to (1) identify the
information needed by pedestrians navigating through
the university campuses, (2) investigate pedestrians’ in-
teractions and behaviours when using a mobile applica-
tion for their campus navigation, and (3) identify the
implications for the design of a mobile pedestrian nav-
igation system for university campuses. The previous
section addressed the required information and the user
interactions with the campus pedestrian navigation sys-
tem through analysing the field study results. Based on
these findings, guidelines on how to design for better as-
sisting pedestrians in a university campus are discussed
as following.
Information such as building entrances, displaying build-
ings with icons, and colouring indoor and outdoor routes
on the map were identified as key in mobile pedestrian
navigation systems. This result is consistent with the
recommendations concerning the design of pedestrian
navigation systems in a town centre [11], if considering
the university buildings are shops. In this field study,
participants expressed that the different types and loca-
tions of building entrances were important to know when
choosing a walking route. This would enable users to se-
lect a route that meets their needs, for example: access
via the lifts or the stairs. Having coloured routes can
help a user identify routes that are sheltered or unshel-
tered. However, for travel estimation information such
as estimated distance, time, and arrival time, there was
no clear evidence to show that this was useful or use-
less towards the system. For route choices, shortest and
sheltered route options showed to be significantly more
useful than routes that were illuminated, crowded, and
had less elevation climb.
For user interactions with pedestrian navigation in uni-
versity campuses, it was identified that the system must
provide assistance for identifying a user’ s orientation.
This has the potential to reduce the number of times
a user gets lost during the navigation, as well as re-
duce feelings of frustration. This feature can be achieved
by utilising mobile sensors (such as digital compass and
GPS) to rotate the map accordingly and display a user’ s
current location. Some of the participants mentioned
they preferred the system to provide them with their
orientation automatically. The system should also pro-
vide pan and zoom features, as users intend to preview
the entire pedestrian route before their navigation. Map
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rotation and interactions were also considered an im-
portant design feature for pedestrian navigation systems
[17]. Furthermore, even though QUT Nav provided the
shortest walking route to assist participants to navigate
from one building to another, some participants did not
follow the route provided. It was identified the choice
of walking route was based on a user’ s preference such
as their comfort level and their familiarity of the street,
as well as the weather condition at the time. Rainy and
sunny weather conditions also made users travel more
via sheltered paths (users stated they preferred to travel
through an air-conditioned building on a hot day).
There was also an issue with location sensing on Apple’ s
iPhone 5. QUT Nav was designed to use the built-in
mobile sensors (GPS and Wi-Fi) to identify a user’ s in-
door and outdoor location in a non-linear environment
with a crowded building complex. The majority of the
participants indicated their location was represented in-
accurately and inconsistently. Hence, other techniques
such as Bluetooth technology or RFID tags may need
to be incorporated into the system in order to improve
location sensing on these modern smartphones.
This key information and the user interactions identi-
fied should be taken into consideration when designing a
pedestrian navigation system for the non-linear environ-
ment with crowded buildings like university campuses.
CONCLUSIONS
Navigating in a non-linear and undulating campus envi-
ronment such as university campuses is difficult for new
students, staff and visitors. A mobile pedestrian naviga-
tion system that is designed with necessary information
and that adopts a user’ s interactions could be a more
useful navigation system than those existing. This pa-
per investigated the research gaps of designing a mobile
pedestrian navigation system for university campuses.
A focus group to identify the current issues faced by the
university students and staff when they are navigating
around the campus in QUT was conducted, and a re-
view of existing navigation systems on mobile devices
and in universities has been outlined. Key information
identified from both the focus group and the navigation
system reviews were used to guide the design and imple-
mentation of the QUT Nav mobile pedestrian navigation
system. A field study to identify key information needed
and a user’ s interactions and behaviours in designing
a mobile pedestrian navigation for university campuses
was carried out and the results discussed. Findings sug-
gest the QUT Nav was easy to use and helped campus
navigation in general. Additionally, by taking the in-
formation identified and the user’ s interactions and be-
haviours when navigating in university campuses, it is
possible to design a more useful pedestrian navigation
system for environment such as university campuses.
In conclusion, the results of this study contribute
some initial design recommendations for creating mobile
pedestrian navigation systems for university campuses,
theses include:
• The map should provide rotation based on user’ s ori-
entation.
• Provide shortest and sheltered route as walking route
options.
• Other location sensing techniques may be needed to
improve location sensing on modern smartphones (e.g.
iPhone 5).
• The map must have zoom and pan features.
• The location of the building entrances and entrance
types should also be considered when generating
pedestrian route.
• Sheltered and unsheltered pedestrian routes should be
represented by different colours.
• The representation of the building icons should be dif-
ferentiate with their names or alphabetical letters rep-
resented.
• The system must allow users to preview the entire
pedestrian route before the start of their navigation.
• User preferences has an affect on pedestrian’ s walking
choices.
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